Introduction
Under normal conditions, neutrophils proliferate and mature in bone marrow up to the stage of mature polymorphonuclear granulocytes (PMN) with condensed and segmented nuclei (Seg-PMN). A small pool of Seg-PMN remains in the bone marrow, while the majority of Seg-PMN is released to the peripheral blood circulation, where some of the Seg-PMN end up adhering to the endothelium (marginal pool), while the remaining cells circulate in the blood stream (circulating pool). 1 During a localized inflammatory reaction, Seg-PMN are recruited to respective tissues by chemokine and cytokine stimuli, resulting in a rapid mobilization of the bone marrow and the marginal pool and a significant increase of PMNs in the peripheral pool, also supported by cortisol-mediated mechanisms. Once the bone marrow and the marginal pool are exhausted, increasingly immature neutrophils are released into blood until the local need for the inflammatory reaction has been covered. 2 Therefore, the quantification of an increased number of immature neutrophils in the leukogram, also called a left shift, is an important marker of acute inflammation. In addition, an exaggerated left shift may suggest an excessive peripheral consumption of neutrophils, which is a potential negative prognostic factor in inflammatory disease. [3] [4] [5] The widely accepted standard approach to quantify the magnitude of a left shift is the enumeration of nonsegmented or band neutrophils. 1, 2 However, this approach has 2 limitations. First, the correct identification of these cells may be arbitrary as a consensus definition of a band neutrophil has not been established in veterinary medicine and several definitions of bands are available in the literature. According to standard textbooks, PMN are classified as bands "if the nucleus of the cell hasn't any constrictions or has constrictions that are less than half of the diameter of the remainder of the nucleus" 6 or as "a neutrophil with no area of the nucleus less than 2/3 the diameter of any other area of the nucleus." 7 Therefore, there is an inherent subjective component to the microscopic definition of a band, requiring some expertise from the evaluator. Interestingly, the inter-or intra-observer variability of microscopic classification of bands has not been documented yet. The second limitation is that the simple classification of PMN into the 2 main categories of "mature Segs" and "bands" does not provide a complete overview of the magnitude of the left shift, as there is a continuum of intermediate stages of less mature, "hyposegmented" neutrophils (Hypo-PMN) that already lost the band morphology (ie, that have a nuclear constriction that is more than half of the remainder of the nucleus) but are not yet completely segmented (ie, do not have 2 or more separate lobes).
The hypothesis of this study was that the inclusion of a subpopulation of Hypo-PMN in the manual blood smear count of immature neutrophils may decrease the inter-and intra-observed imprecision of canine band counts. Therefore, the aims of this study were to assess the inter-and intra-operator variability in manual counts of bands and Hypo-PMN, counted separately or in a single group of Young-PMN (bands + Hypo-PMN).
Materials and Methods
Retrospective search in the database and selection of cases
The database of the diagnostic laboratory of the Department of Veterinary Medicine of the University of Milan was retrospectively searched for cases that were likely characterized by immature neutrophils in blood. All canine samples in the general database submitted between January and December 2014 were selected that had CBC data and at least one archived blood smear, fulfilling one or more of the following inclusion criteria (the reported RIs were either validated from the literature with the transference method 8 or generated in our laboratory according to ASVCP guidelines Information on the final diagnosis, when present in the database, was also recorded. All the samples were collected for diagnostic purposes and had informed consent of the owner. The data of all the cases included in the study were generated by the same laboratory instruments and methods, such as an automated hematology analyzer (Sysmex XT-2000iV, Sysmex Co., Kobe, Japan) validated in dogs. 10, 11 Differential leukocyte counts were microscopically verified on May-Gr€ unwald-Giemsa-stained smears. Serum protein electrophoresis was performed on agarose gels using the automated analyzer Hydrasis (Sebia Italia Srl, Bagno a Ripoli, Florence, Italy) and the specific manufacturer's reagents (Hydragel 30 PROTEIN(E); Sebia Italia Srl), as described in a previous study. 12 The concentration of total proteins and CRP was measured using an automated spectrophotometer (Cobas Mira; Roche Diagnostic, Basel, Switzerland) using a commercially available kit (Real Time Diagnostic System, Viterbo, Italy) based on the biuret method and an immunoturbidimetric kit (Canine CRP; Randox Laboratories Limited, Country Antrim, UK), respectively, both validated for dogs. 13 
Blood smear review
The blood smears were independently reviewed by the 2 authors (board-certified clinical pathologist and graduate student) in a blinded manner and without information on the final diagnosis and previous cell counts, or the count performed by the other observer. A 7-part differential count was completed on 2 sets of 100 cells on each slide. This extended leukogram included the 6 populations routinely counted in diagnostic leukograms: segmented neutrophils (Seg-PMN), band neutrophils (Bands), eosinophils, basophils, lymphocytes, and monocytes. The 7 th population was designated hyposegmented neutrophils (Hypo-PMN).
The criteria used to differentiate PMN and Bands from other PMN were those described by the Schalm's hematology textbook (Figure 1) 6 : -Seg-PMN: neutrophils with a diameter of 10-12 lm, characterized by a nucleus composed by tightly condensed chromatin, with 2-5 distinct lobes that are clearly separated by a constricted area and abundant clear to slightly eosinophilic cytoplasm containing several faint granulations. -Bands: slightly larger than Seg-PMN (12-16 lm, rarely up to 18-20 lm), with a U-, C-, L-or Sshaped nucleus, with less condensed chromatin with parallel sides lacking any discrete nuclear constrictions or having constrictions smaller than half of the diameter of the remainder of the nucleus.
In addition, we classified as "Hypo-PMN" the neutrophils characterized by a variable size (10-16 lm), a U-, C-, L-, or S-shaped nucleus with a variable chromatin pattern, and a tendency to form 2 separate lobes, with constrictions slightly less than half of the diameter of the remainder of the nucleus.
For further statistical analyses, data from these cell populations were considered separately or merged in the following groups:
-"Non-Bands", including Seg-PMN and Hypo-PMN, representing the routine hemogram, where all "non-Band" cells are counted as mature neutrophils. -"Young-PMN", including Hypo-PMN and Bands, to assess whether the inclusion of hyposegmented neutrophils in the immature population narrows the analytic variability and improves the diagnostic power for acute inflammation.
Statistical analysis
Statistical analysis was performed using the software Analyse-it v. 2.1 (Analyse-it Ltd., Leeds, UK) on Excel spreadsheets. The level of significance was set at P < .05. The following statistical analyses were performed:
Evaluation of intra-observer analytic variability: for each neutrophil subpopulation, alone or in combination, the counts from each operator in the 2 sets of 100 cells were used to calculate mean, SD, and CV using the formula: CV = SD/mean 9 100. The correlation between the magnitude of the CV and the mean value of each subpopulation was assessed through the Spearman correlation test. Evaluation of inter-observer analytic variability: for each neutrophil subpopulation, alone or in combination, the mean count from each operator on 2 9 100 = 200 cells was used to calculate mean, SD, and CV with the formula above. The agreement between the 2 investigators was assessed using Passing-Bablok and Bland-Altman tests. Moreover, in order to assess the possible impact of inter-observer variability, the differences between the counts of the 2 observers were assessed using the nonparametric Wilcoxon-signed rank test.
Results

Caseload
Among the canine samples included in the database, 271 fulfilled the inclusion criteria. In 4 cases, the quality of the blood smear was inadequate; therefore, 267 cases were available for blood smear analysis and the calculation of intra-and inter-observer variability. These samples originated from 209 dogs, 58 of which were sampled on between 2 and 10 occasions during the follow-up.
The following inclusion criteria were present in the 267 samples included in this study: leukocytosis or neutrophilia in 148 cases, 3 of which had toxic changes in PMN at the time of admission; leukopenia or neutropenia in 69 cases; hyperproteinemia or electrophoretic changes not associated with leukocytosis or leukopenia in 35 cases, 14 of which were characterized by hyperproteinemia and one or more increased globulin fraction, 10 by normoproteinemia and one or more increased globulin fraction, 5 by hyperproteinemia, 3 by hypoalbuminemia, 3 by hypoalbuminemia and one or more increased globulin fraction; an altered leukogram (ie, leukocytosis and neutrophilia or neutropenia) associated with hyperproteinemia or electrophoretic changes was present in 10 cases, leukocytosis and neutropenia in 3 cases, and increased CRP without changes in serum protein electrophoresis or in leukocyte/neutrophil counts was present in 2 cases.
Intra-and inter-observer variability
In general, the variability between 2 9 100 cell counts (intra-observer) and 200 cell counts (inter-observer) was quite low for frequent PMN subpopulations (eg, Seg-PMN, non-Bands), and notably higher for cell populations that were less prevalent (Hypo-PMN, Young-PMN), with the exception of Bands with a median CV of 0.0% (calculated for all smears including many without any bands) ( Table 1 ). This variability increased for the counts in 133 cases in which at least one observer detected Bands, with the median at 141.4% (minimum-maximum 0.0-141.4%), and for the counts in the 253 with at least one Hypo-PMN in 200 cells (median 63.4%, minimum-maximum 0.0-141.4%). The median in the 253 samples with at least one Young-PMN in 200 cells was even lower (52.7%, minimum-maximum 0.0-141.4%).
However, for all the populations above, the minimum-maximum range was very wide, likely depending on the wide range of the relative counts for each cell population that induced highest CVs in those cases with low counts, and vice versa. The Spearman's test confirmed the presence of a weak but significant negative correlation between the magnitude of CV and the proportion of PMN (P < .001, r = À.48 for observer 1, P < .001, r = À.46 for observer 2, and P < .001, r = À.53 for inter-observer CVs) or the percentage of non-Bands (P < .001, r = À.56 for observer 1, P < .001, r = À.52 for observer 2, and P < .001, r = À.59 for inter-observer CVs). Conversely, for populations that were virtually absent in 2 9 100 counted cells, correlations were not statistically significant (eg, intra-observer variability of Hypo-PMNs, Young-PMNs), weakly negative (eg, inter-observer variability of Hypo-PMNs and Young-PMNs, respectively P < .001, r = À.26 and P < .0001, r = À.25), or positive (Bands; P < .001, r = .86 for observer 1, P < .001, r = .69 for observer 2, and P < .001, r = À.77 for inter-observer CVs).
The highest CVs were recorded for inter-observer variability and inter-observer differences in the smears with detectable Bands or Hypo-PMN: according to the first observer, Hypo-PMN were detectable in 230 smears, 57 of which had also Bands. Therefore, according to this observer, only in 39 cases no Bands or Hypo-PMN were visible. Conversely, according to the second observer, Bands were present in 118 cases and Hypo-PMN in 214 cases, some of which had no Bands detectable on the smears. Therefore, according to this observer, in 49 cases, no Bands or Hypo-PMN were visible. This also led to a significant difference between the 2 observers. The percentage of Hypo-PMN, of nonBands, and of Young-PMN was significantly higher for observer 1 compared with observer 2, while the percentage of Bands was significantly higher for observer 2 compared with observer 1 (Figure 2) , and results of agreement tests (Figure 3 ) demonstrated the presence of a significant absolute bias for all the subpopulations of neutrophils, except for Seg-PMN (Table 2) . However, no constant errors were found by the agreement test and a proportional error was present only for Hypo-PMN and Bands.
Discussion
The aim of this study was to provide an estimate of intra-and inter-observer variability of microscopic counts of Bands and of Hypo-PMN (ie, hyposegmented neutrophils that already lost the "band morphology" but do not have yet the peculiar segmentations that characterizes mature neutrophils), in order to assess whether the analytic variability of Hypo-PMN is lower than that of Bands and other PMN subpopulations, thus providing a more reliable tool for the identification of acute inflammation.
Blood smears stored in our archive were selected based on inclusion criteria that allowed us to increase the likelihood to analyze a wide range of relative immature neutrophil counts. This also included repeat samples after treatment from the same dog. This approach allowed us to increase the caseload and minimally influence the interpretation of the results as the study was focused on the analytic variability of the different cell counts and not on the diagnostic or prognostic role of the different subpopulation of neutrophils.
The intra-observer CVs calculated for each of the observers and 2 sets of 100 counted cells were always similar to each other. This suggests that each single observer followed well-standardized criteria to correctly classify the cells. Nevertheless, some CVs were high, likely depending on the low percentage of some leukocyte types. It should be stressed that in our caseload, the percentage ranges of each cell type were very wide also for usually abundant cell populations such as segmented PMN. This was likely due to the inclusion of cases with acute inflammation, characterized by high relative PMN counts, and also cases characterized by leuko-or neutropenia and of leukemic cases, in which normal mature neutrophils are virtually absent if the percentage of neoplastic cells approaches 100%. This wide range, however, allowed us to demonstrate that the intra-and inter-individual variability are at least in part influenced by the relative proportion of cells, as demonstrated by the negative correlation between the abundance of cell populations and the CVs that, although weak, confirms that the lower the percentage of a particular cell type in blood, the higher the variability of the manual counts. This is not surprising as this inverse relationship is well known 14 and may affect the differential leukocyte counts 15 , for which it has also been shown that the inter-observer variability is lower in the presence of higher numbers of counted cells. 16 Therefore, in all cases requiring a manual quantification of rare cells, it may be appropriate to count > 100 cells as usually performed for manual differential counts. 15 The CVs were even higher for inter-observer variability, especially for rare cell types in the blood, as expected. 15, 16 This resulted in significant differences between the 2 observers for almost all the neutrophil subpopulations except for Seg-PMN, likely due to an intrinsic difference in the visual perception of the operators, or due to the different level of experience of the operators. Consequently, Hypo-PMN were possibly misclassified as Bands or mature PMN. These differences may also depend on other variables, potentially inducing inter-observer variations (eg, different distribution of cells in different areas of the smear). Looking at the data distribution, however, these significant differences are probably not relevant for the subpopulations that are abundant in blood (mature PMN, non-Bands) from a clinical standpoint, but it may be relevant for cell populations that are poorly represented (Bands, Hypo-PMN, and Young-PMN), for which even a difference of a few cells in 2 different counts may be relevant. From this perspective, it should be noted that if smears without Bands or Hypo-PMN in 200 counted cells are excluded from the calculation, the inter-observer variability is lower for Hypo-PMN than for Bands and further decreases when Bands and Hypo-PMN are merged in a single category of Young-PMN. This improved reliability of the counts may be relevant in the diagnosis of acute inflammation. Although this has not been investigated in this study, the possible diagnostic advantage of using less stringent criteria for the identification of a left shift (by including band cells that do not perfectly fit the definition based on the proportion between thinner and However, the lack of precise clinical information is a limitation of this study, as we were unable to define the possible clinical relevance of the prevalence of the different neutrophil populations. Another limitation of the study is the inherent subjectivity of classification of Bands vs Hypo-PMN, although this subjectivity decreases as the CVs are lower when Bands and Hypo-PMN are merged in a single group of Young-PMN.
In conclusion, this study demonstrates that both the intra-and inter-observer variability of Hypo-PMN and of Young-PMN (ie, Hypo-PMN and Bands) are lower than that of Bands, although the CV is still > 50% when immature neutrophils are rare. These results are encouraging for the design of future prospective studies focused on the assessment of the diagnostic power of Hypo-PMN or Young-PMN counts at different stages of select acute inflammatory diseases in comparison with counts of Bands or of Seg-PMN.
